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1 

mm X. E-tt-t ;uru"fSr*i-^ m%um-^m. u v» 

~if--\t)\'T\^'i tJiS'J y \^ y 'y ^^—if -■^:)\'\Z 

^~f^-%ti-^\zmx.. Mia 'J y\^y vo-aij^igRii. 

U v- i iftf^ If T :i t * # 4: -t -& 1 feK<OB5 

m'km%ttimw=m^x-^ * ^ 1 4r t -r ffi-*Ji i 

[ii*:fl6] mrteff^a#PB^FBlPii±. 1 0 0 0 0 0#J: f) 

[0 0 0 1] 30 
[0 0 0 2] 

T- MR AM (Magnetic Random Access Memory) i: <> 
ft^^'J^gi: LTrti $tirv^^o MRAMtti, ffi 

[0 0 0 31 «a, 2o<o?im'tt«<OHHl6^S (h> 

14 h >;f.Mf'g-lciiv>T, h >^>'U^^ffiiii:f*^ (TM 

:iiz-bmf>fi^i.^ Ic^oTt (J . A p p 1 . P h y 

s. . 79, 4724 (1996) #H3) o t Sr so 
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[0 0 0 4 1 MR AMlcTMR^^-*rfflv>^,^iF-i-, h> 

t x-mWi i tm-r -a - 1 ^ ^ „ leiiif^o* i i?. 

;^l±, TMR«^j£^tctJlt«bti./'c»#2i*EMtcm»£ 
ia/l«0^'(b(0[a]§?rjS:eS-ii:'&- t t-<t f)4T7o i 

mmn(om^iiiui. TURn^iz x&t&tamt 

^i^th-ri>:zti,zx'o^7')o m-^x^ TMR^^i-ii 
M R itii^:k ^i^at am^. mimmm omitKn^m 

{c(±, mitmmmt^jrh'^mm^itm-ri'X'uzK^m 

MS 4-^ttTfiS'fb<7)[6] § t v^ 9 lb 

[0 0 0 5] 

#T-fig<b<75;tt^ ^c0^^a?l^:6^§:glw^i^ J; ^ tc^fc 
Z,o^fth<r>X 0 ^fiSE-fb^ftTi^TMR^^fT^fiS-fbiSiS 

m^m.ti,x<r>mmi'f-i^i&^^^^o eu^iir. mram 

cittir$)t>-ii-rit6'fbSS^o#at/h$ < ^^7t 

-b ;w i{) * i ii^^BiE i 0 L fjJKJ^ :4*gn ? #t ^ 
tzib. ?ig|bRe--^L^v^i{)(OcOfiS<b^ffit±«2C-5.oC 
(Oi^tC, MR AM«rSScaL-CV^-Cii!)flP$^i:TV^T 

jSfbiS®{-i5v^T«Sfb«fn**%*L, c:tt4r#g. 

[0 0 0 6] 2(i:|&§g{±, ±IB*mS-#«LT^fc$n^ct 

ffinsa ^ i§«-r s i t s- s 6<> t f -5. o 

[0 0 0 7] 

14, Jg$tiS8L^!)*3Ri^S-*-rifB1t-b^i'«r«j!c1Hfilx./c 
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He* f&tt $ tf #6 4- as L , Z(r>m^liiLfzm 

[0 0 0 81 «fffiU7u-y viiif^ii, frffiti^ 
[0 0 0 91 'tis, mifi'; 7 ->iii)f^j4. fiifiisli 

[0 0 1 01 jfeiJ. 'J vi<o^ • 
i*-^' -•t;VT U'f t . ^fe'J 7 U";/ vi* — i'--b 
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[0 0 1 11 'Sria. miejS^«tn;S6*^i^i±> Siijesith 

[00121 ^js. tiffeRlf^B^P^PflPHJi, 1 0 0 0 0 0 
[0 0 131 

[0 0 141 s-r, :^^m<7)WMiz-o\,^xm^t^o m 

iT-HS1-'5)^fPB$f^»±, Neel-Arhenius model (Ann. Ge 
ophys..Vol.5,p.99.1949)7i^c>. >X^X-^^ htLi>o 
[0 0 15] 
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iC-CEBliJ^^^l'^-KM, kBT(±lftJ^:T->;U^-, foil 

t?l 0 9 [Hz]fIS-Ci>;&o ZZXm^ii. ICb i tSi 
(OMR AM«rffl^L> ft'h^^-y-Jl'OO . 0 7 ^ mtsW 20 

X70ninX2nmOii::^ft:i: L:?'-) Ofig-fk^^OBtH t 
9 5%«-ltS:L-C^'5 i:, J:-?- 1 . 0 x 1 0 5fJ.-74<?# 

1.5X104 J/m3tL. m5SE<0J:.^x;U+'-|^^EB«iEB= 

leH-tJU^-^-r-SMR AMtCi3V>Tt±, #-t;L'SI50TM 
R^d^oai:^J®TS-R*<V.:*i>H, 1. 0 X 1 0 sS^iciIH 

*io -<oi6f^75f'; 7 u-y viiSftr-^t?, Tcotf^A* 

"0" *^"1 "X-$}i>7i-im^lii-t»i'^t. n^ihl^fz 
ffifS*SK»§iitfi:v>TiJjf^t=ff do i(0U7U'-yv 

mfUfBrnx >; 7 u -y v :i.i6<^s-=?T ^ ^> 2. e> 
(o^ibS: * s B#F^ r^mx-m^. mm'Srmx.fzt::.!^ x-m 

S-r * v» t v» d ¥iJ **** 2) o 

[0 0 161 numsit Lxmm-^^mu^tifz^^. -lo 

(1) (DEsi^H^i <^£iZt\Z^ifzl6. ■t)V<f^f)^iz^ 

[0 0 171 Jil±745. MR AMCiiV^-r'; 7U-y vo-IS 
[0 0 18] :$:^^ff>mmi^m. Ilffi«-#B?.L 

[0019] (^1 mmm) ^ftm izxi> m%tmi^ 

^^lait^gl liMRAMT-afeoT. tZm.-^)i^T 2 so 



T >y8 >; 7 U-y viSUfaSB 1 0 i: S-ffix.Tv»-S,o 

[0 0 2 0] Ba-|l-b;VTU'(' 2 l±. -?-iX-ra*^TMR* 
^•tjSKh7>v;^5'i:«-*-r'&^lfc<75K«-t;u (H^ 

1 4 t. m.^<r)%K^^Lm<r>'7 - mi si:, m<r)\£ 

•y hSSll 6 t «-|l»w*L-CV>So 

[0 0 2 1 1 12 5 «-#.B?.Lr, TMR^^e 1 tStR h 
7 vv;^^' 6 6 i:S-*-t--6ieiS-fc;u6 onmWLimM-f 
^„ ->'; =1 v^^e 9 tc, -5^- h«ffi6 6 a, KU'fV 
fgl^6 6b, V-7.fI^6 6 c «r*1--J.SiR h 7 

f {uos ^7 6 6*^ff^fi£?at:v.5>o r- 

- h'm.6 1 tmifSL^Kx^^i,o MO s h 7 9 e e 

CO KV-f >ffi^6 6 b 6 8 \zmibihtMzm 

MR^^-6 2coTSB«g6 3*^IStt'btL-CV^-i,o :::cOT 

TMR»^6 l3i*Bfi£^n.-CV^-&o S 
tz. iOTMR«^6 l<o^^^Ei-4±g|5^Sti^^•;' hit 
6 2 t LTfflv^e,tt^o I^l C^JlcEfi ^ ttfclBH-t ;v 6 

0(OTMR*i=-6 i<o±a5m«i«±, [Bi— <oe-y me 2 

i:^:-5J:■5^::«fi8;^i^•Cv^-5o iri3, iSSmSi:!^.;' h 
Il6 2i:*^^> T llffMLT-J) Av>o S;^-, 

iHlC^f tcgSg$a7tiaiS-t:;w6 0 cojgiR h ^vv':^^' 6 
6 60r- h 6 6 at±[^— <0if<%taiLffl7- mii't'Si: 
d U«fiS:$n-CV^-£.o }> 6 6 a tSE^UlLffl 

7-mi:*^'^, m^£Z>i.^\zWi^^LXi>Bt.^^<> ts: 
iJ, v-x^lt6 6 c t3t±^3e<0«fi (CTx.Jf, 

[0 0 2-2] ik\Z. :*:*iSff^Slcfflv»(btt/^TMR^^ 
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6 1 m4i:mmLxumi-^o - 

^I'^-g- * * •fi T ;^ fcf > rs<:o T M R ^^-T 
=5r>&TSBmS4 1 {[15T-(±, TSBmses) ±l,zmM 

±lC?l^^$*t/::R u*>'b^t'&^<-77r-^4 2 C:co 

1 4 3 1 . z<Dmi 5i.?m\±m 4 3 ±i,zm^ 

^tifzc 06F e 4i-h^j:i^ I mmmm 5 4 z 
ff)miJ&immm 5 4±i,zmi&^titzA 1 203*>c>^:* 

^1 h > ;t>;u/<'J T)f 4 5 t , cco^l h v^^juvojr 
^4 5 ±li^miS.-^fifz. W-^ 2 nmCOC 03F e4N i 3 
34»t,;5:*mga® 4 6 znmit^mm 4 6±{zWi^ 
^SH/cA l2037J»'bi:-5^2 h V^^;u>'-f'; 4 7 

2 h >^^;v/<'; rm 4 ? (cJfM^ttr^-C o e 
Fe43>^'b^fc-5^2jafl:H«®4 St. C:(0S2JB<i;@ 

14^4 9 i0^2S:3*mi*^4 9±t-Jg)56;?nf-T 

5 0±tC(±±g|5S:ii5 1 (HS-C-JifcTv hB. 
6 2) 35»J&fiS;$*r-CV>^„ 
[0 0 2 3] ie'ti-b;U6 0<OJ.-yf^>^'-SDXt±, 

>j>'T-4>-5S:j£.'tt'f (RIE) S-fflv>-c 

[0 0 2 41 ^xi::. nvm lizm*). mi mmn^m<om 
[0 0 2 5] tim-t)vru^ 2<Dm^<^uw.-t)ui,z-r- 

14 (llI5T-(±, #§ii.^iffl7- me 7) i3J:0*kf-7 
Vmi 6 (HS-Cti, Ify h«t6 2) »i^ji<S^^fS 
il^SB 4 Ji5 i O'^iJSlRgB 5 J: o -C n-S'nSlR § ^ o 
::<75i: m«i^h.fzW^&^mu- KItl 4i5J:t/tf 

-So 

[0 0 2 6] -^3. tmt)i^TU'i 2 <?)fi'T5e<OfB'IS-t;l' 



a) axi/i^y VUl |jc.««.mMTSiRSP7i3J:D'' 

K^^OlEIS-t Jl- 6 0 rtOJSi^ h 7 V ->';^ 5' 6 6 V 
L, mR^tifz\c-y hm.1 6^zm^<0'S.it^^i^Zi^'^^ 
J: ««?Six;ttr y 2, TMR«^-6 U TSB 

^ffi 6 3 , mm-fy i''6 5. f v > 5' e e (o v 

-y^6 6 c is KUW V 6 6 b t-S-ffiTJ^iifEtr.^,, 

10 0 2 7] VVUy viSUffllgB 1 0 — S^r^KPB 

-c% A:^$iJ®g|5 3i5J:t;^tii:ti*Wfi5 6 tc; -7 l^ -;- vitft 

<^ffi L=ff JMiRgP 7 j3 J: f>T'JjM*?gB 5 J; o XMiR ^ it, 

mm^i oizmhti.i>o znmhitx^fz-r-^^ axi/ 

r yuyt.it') 7 U-y VA»JffllS51 Od^ibAil^iJ^gPS 

«^ii^1filiRgl5 4i3J;t/?'JS4Ra5 5 4-:/hLT, A;*:*!] 
tagB3 izX^XM^^ixZ^tt i>iZ. ±IST'-5'3!»'*±ia 

iO'j 7 U y yii&f^J±:^-C<OT Kl'X<oe'IS-b;i' 
30 {znLX^t>itii>o 

[0 0 2 8] :^nM^mx-i±. 1 00 0 ^MtJ-C, i 2 0 

<0 J: ^ ^ <; 7 U y V A tbf'^Sr^f o d i: J: ►) , C coRJfe 
[0 0 2 9] Jil.±m0.^L/iJ: ^ t;, **ifeff^^i;<tn 

40 [0 0 3 0] (» 2 mmmm) >Xiz^ ^mmmm izx^ 
jS^ie'fig^S<o^ 2 li*fiJ^,®<offlffiS; 4:111 2 u^i-o ^ <o 
nmmm(ommmMW. 1 aj±, h 1 ics^-t^ 1 nmm 
m<om^szm.^w: 1 t^^fev^-c, uy^y 'y^mmu 1 0 

tO'fti:?') l-'J 7 l^-y ViWIHg&l 0 A?rlJtt-5> t i: 

[0 0 3 1] *IIM^^(-iJV^T{i, 7 1"^ 
^'--b;u, -fitip*)'; 7U-y vi(OS • :T:^€r*iJ^-r-5 
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ti-t 2 a *f^a6U^ ^^•rv^-^,„ 

[0 0 3 2] -j-LT, ^-mmMmi-i^^'Xii. latjm^ 

g|51 1 ^NfFA^IC, 'j ^l'-)' v'J^*-^'--t;i/2 

ffi*$wgi5 6 t:j:c.T. m^mLnM^^? is xz>ym 

(Wx-tfx «!JWfio9 5%) titn^ti. mmmi:rm 
1 0 At-'; 7 u 7 vj.i&f'tti^7!i*m*$ix^o •t-'&t, 

'J 7 U-y->iftIJf«S|5 1 OAjJ^Cj, A:?3WffllSe3 is J:0-*iii 

:^jiijf»a5 6 7 u -y V j-isf^^^-jj^'iim ? ti. ^im 
(0 0 3 31 ^(o^2mmfm.<^mmmmm.h. 

[0 0 3 4] ^ii, i^2^JSJK^t;i5V^-Ct4, 'J7Uy 

f21g-t;i'«-fflv>;t*^ 7U-y->jL*:::5'-|?fflOlB1f 

-t;i'5rf£m-feJH*Itc|5:tt-r^>^v^o IStt^^Bffli. S§ 

MH£. fe^S^r;^r u-^ 2<0'f*gB#i£) tJ^^S 

[0 0 3 51 (^3*iS?^«i) '^U, 3f:||ggm:2,m^ 

teit^^co^3^M®^<7)«fiS;*lI3 ic^i-o c:o^3 

^jfej^^ois^iais^g 1 B (4. HI ic^-r^ 1 mm^ 
m(r>m%im^m. i tcisv^r. ^jyu-y i^^mmm> i o 

Oftfe •) U 7 V y vi$lJf«S5 1 0 B S-Kft* i: i: 

[0 0 3 61 y 7Uri' vi-ti^'-gB2 014, ';7Uy 

Vi*-:^--t;UTU-1' 2 2 ^:=.^'-©J{aS|5 2 3 
SI'ji^ftlJt«gi5 2 4 »§as;^?iJSiRgB2 St, 

s§iiAffigiRsi5 2 6 m^mLmmmz 7 mtj 

*lj^g|5 2 8 i:, Sr<tx.rv^-&o CI O 'J 7 U -y v i^- 5' 

-SI52 0I4, 7 L-y vic/)^ • 

tc, ieti-t;ur U-f i:l4SiJlcS»-r-&*-5'-*fflO^ 

[0 0 3 71 'J 7l/ .x->i^--5'--t;ur U-f 2 2(4. 
2ii1ffgO "0" i*cffiSrfS1tL/-^-3'--t;U2 2 a, 
2jHt$B<0 "1" ^mi?S.mLtz2 2hisXt/frz—t 
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2-o<;3*-^'--b;U2 2 a, 2 2 b-f-tt-ftLO/gas-^ 

[0 0 3 81 'J 7U v Vi^^i'-gB2 0<OIftf'^lCI43 
0(75^- K***"?, 1 og{45>'A --b;UU#^ji'i^«rtT 
^ffifflS^as-^*- h% 2oai4^-^'--t;l'2 2 a, 
2 2 b<oaj:^jSr^*mi-*-^'-*- K, 3oi(4'*- 
^'--t;U2 2a, 2 2 b wm^Sr^n^ffiUMI-^^iiXClS 

10 x.t4*-^'-Si]t»g|5 2 3 75^7 To 

[0 0 3 91 K-e(4, ■ffi3e<0^^5 

14. *ii'-$IJffl!g|5 2 3 ;6-'bS^ii*SIJ^SB2 4 

ii^JflJfftSB 2 4 # a*^f SiRSB 2 6 iJ J: Cf» § 

KS:-^B#F4=ffo;t^, -=6- J' -filjffllSB 2 3 

-3'-ftlJffllffl5 2 3;i^e>, K.i^mL^Jfflia5 2 7 tcSg.;^tllL 

^^:?--fe;P2 2 a, 2 2 b <7)^<i^m L A*ff *3n> ^- 
^'-^r;^2 2a, 2 2 b «0aitJ**ffi*fl5SSB 2 8 f *lJ3c 

o7t®'g-(4, ^-9-mnU2 3*»t)'; 7by Vi*IJffll 

[0 0 4 01 taH^ 'J 7 U -y -> AfttJfaSC 1 0 B U J: & U 
7 U V iilif^(01SlJI8»4» 1 HiSB^Oig-g-i: I^^JZff 

30 t>fLi>o 

[0 0 4 U *IISfiB.®l-*3V»-Ct4, U7W-yva.^^ 
--t JV'TU'r 2 2 trt4. "0" ^^^«-saitL7t-feil'2 
2 at, "1" R®Srf5«L/c-fe;V2 2 b 
lo-f^ff;&L, >; 7 U-y vi^-5'-SW 1 0 OBtK 

'Sr-b;U2 2 b<oai:^SffVMi<^^raS® (MRAMlJj 
ftB#) «:li]6 tc^-f-o i::T(4, 1 0 0 0^ra1;4^(b 1 2 
0 0B#fe^-C-^-b;KO'; y\y y v'ilii'f'^4:fTo-Cv>-&o i 
OJ:-9!t';7U!y->i|&{'^«-ff-5CltlCJ: I), i<OMR 
40 AMtliJV^r(4. J/Da*^K^i:i3V>T, SSICOSR:^ 
iajSf 1 O^K<^«iEffi^Sr#^c: i:3»*-C§;to 
[0 0 4 2] VILmLtzi^n\z. ^if^mMJ^WA^i-lx 

»f, f21t-t;ur 1^-1' 2 i:?42:tr#^^^-5'--fe;i'2 2 
a. 2 2 b Sr^tt^C: tf, «^Lv^^<i^TT-(^ai:tj4'^ 

^ — r i i: ;6«T- # , -v - V > o:>c § ^^wmv^mitm. 

iE1SSei:|^«i:> 'J 7 U -y 'y ^mif-^'^n - t-^^sim 
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[0 0 4 3] Kcii. ±$m mmmsmimmA^^^^'x 

mi> i*Ltcpfi(5*t-5 4«7)x'(±!5r<, mnm^mtn.^^ 
10 0 4 4] ^rii, y 1^ y '> ^mm^ii. m^tmm 

S.tm& ? ti:^: 7 y 1*1 * o r , f - •T'^ H * o T 
[0 0 4 5] 



[mi] ^^BMizx:i>m^^m^m.(ominmmm<om 
[1112] *%e^m:*eg^Ktg^ao^2iijfe?KS<^fii 
[US] %^m•^^i>mm^^m.<r>^^^%1mim<r>m 

[US] Jf:^WlC'9^-?>lS-|t-b;KO«^«rS5^Bfffi0o 

[me] ^z%imm\^m^'-^hf\.z>=^-9 -^i)\'<r>\id,ti 
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1 , 1 A, IB a^tatt^s 

2 a >; ^Uy vi^— ^'--t^U 

3 A^lSiJWgB 

4 »#ii.^^^fiMif?^l5 

6 ai*jM*?a5 

7 i%.^tilL=ffjMtf?SB 
10 8 -bVXTvy 

1 0. 1 OA, 1 OB U^U-yvi 

14 $idi*.7-m 

1 5 l$<^im Lr7- 
16 tr h «Sl 

2 0 'j 7Uv->i^-^'-gC 

2 2 a. 22 b V 7 U ^ v --t;i' 
2 3 ^-^'-iljfflias 

2 4 mi=iLh-mws> 

2 5 *i5i<^?'J3l*?a5 

20 2 6 *#ii*=?fil«^g5 

2 7 ^*11J LWWSB 

2 8 m**lJ^§l5 

6 0 ieif-t;w 

6 1 iS^«tn;?ci)««i^ 
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